Drilling fluid cooling technology is one of the key techniques of drilling technology. In order to study the influence of mechanism of drilling fluid on temperature and pressure, especially on thermophysical parameters and rheological properties, as well as the heat transfer mechanism between bubbles and liquid flow inside and outside the liquid film by test, simulation and theoretical research. Firstly, the test on thermophysical parameters of 10 kinds of drilling fluids at 7 different temperatures and 3 different pressure were analyzed, which would provide the key parameters for the establishment of downhole gas-liquid two-phase model. Then, study on rheology of cement slurry under high temperature and high pressure, and its heat transfer equations were derived. The results showed that the specific heat of mud decreases with the increase of density, and the thermal conductivity increases with the increase of density, almost linearly. Besides, gas is the main factor affecting heat transfer inside the well.
INTRODUCTION
Mud drilling fluid system has the characteristics of low solid content [1] , good rheology, strong stabilizing ability, low damage and low cost, so it was widely used.
Drilling fluid temperature is too high, not only affect its performance, but also influence the ambient temperature of downhole drilling tools and guide testing tools, even influence wellbore stability, service life and drilling rate [12] .
Drilling fluid is called the blood of drilling technology. With the development of geothermal resources, deep-sea drilling, deep mineral drilling and deep drilling, the performance of drilling fluid is becoming more and more important [2] [3] [4] . With the development of international continental scientific drilling project, the depth of deep continental scientific drilling in China is 13000m in the future. The temperature gradient is calculated by 3.0℃/ 100m, and the bottom hole temperature will reach 390℃. Therefore, under high pressure and high temperature environment, the research of heat transfer mechanism of drilling fluid arises at the historic moment. As the most widely used drilling fluid system, it is very important to study the heat transfer mechanism of mud under high temperature and high pressure.
STUDY ON THE THERMAL PROPERTIES OF MUD
It is proved in theory and practice that the thermal physical parameters and temperature of mud are closely related to pressure, which seriously affect its rheological properties. Meanwhile, the parameters of thermal physical properties of mud are also one of the key parameters in the establishment of downhole circulation model [5] , in which the thermal diffusivity is derived from thermal conductivity. Specific heat determines the specific heat and thermal conductivity of mud is the key parameter to determine its thermal diffusivity.
α=λ/ρc
(1)
In the formula: λ-thermal conductivity, unit W/ (m K); ρ-density, specific heat capacity per unit Kg/m 3 ;c-, unit J/(Kg K). The specific heat and thermal conductivity of mud are restricted by the factors of temperature, density, composition and pressure. Therefore, considering the above factors, 10 kinds of mud of 2 types commonly used in deep oil drilling are prepared for laboratory test, in which the specific heat is determined by current calorimeter. The thermal conductivity of the slurry is measured by the linear heat source method in the unsteady heat flow method. The test results are shown in Table 1 , 2. In order to further determine the heat transfer law of mud two-phase flow, it is necessary to study the variation of specific heat and thermal conductivity of mud gas and liquid with pressure. According to the test data provided by Shandong Shengli Oil Field Mud Company and logging Dr. Zhang Zhen, the borehole is 2000m-3000m. The initial mud pressure is 12-16 MPA ~ 6000-7 000m, and the mud initial pressure is 18-21 MPa, However, due to the existence of bit pressure drop from injection pump force to borehole pressure during drilling, the results are as follows according to the bit pressure drop formula (formula 2): 0.827
In the formula: means density (g/cm 3 ), Q means bit mud displacement (cm 3 /s), C means flow coefficient (0.95-0.985), de denotes nozzle equivalent diameter (cm).
Because high-temperature and high-temperature mud is used in high-pressure and high-temperature drilling, the density of mud drilling fluid is 1.6 g/cm 3 , and the pressure drop is about 10%. The laboratory tests are carried out on 10 ~20 MPA, 40~80 temperature polymer mud and polysulfonated mud. The results are as follows: Therefore, the sensitivity factor analysis based on the test data, as shown in figure 1&2 , shows that the specific heat of the mud is obviously much more strongly affected by the temperature than the pressure, and the slope of the specific heat pressure curve is gentler when compared with the straight-line slope. The slope of specific heat temperature sensitivity is about 2 times of that of specific heat pressure curve. From Table 4 and figure 3 , it can be seen that the influence of temperature and pressure on the thermal conductivity of mud is small, so the specific heat effect on mud under high temperature and high pressure is considered as the main thermal property index.
SIMULATION TEST AND MODELING OF SLURRY RHEOLOGY UNDER HIGH TEMPERATURE AND HIGH PRESSURE
Deep mud drilling fluid systems are highly dense, gelling, colloidal and suspending, and their rheological properties are extremely responsible [6] . The addition of various additives in deep drilling process not only deviates from Newtonian flow model, but also does not follow simple Muru model or H-B model [7] [8] [9] . Especially under the condition of high temperature and high pressure, the Brownian motion of mud becomes more intense, the molecules of admixture may have the function of resolution, decomposition and degradation, and the dispersity is better, and even the phenomenon of coalescence may occur.
Under the condition of high temperature and high-pressure mud rheology has Reynolds stress variation characteristic. Experiments showed that the rheological characteristics of mud drilling fluid system show nonlinear distribution characteristics, and generally assume hyperbolic model.
Rheology modeling of high temperature and highpressure mud
Many scholars have verified that the mud drilling fluid system is flowing from non-Newtonian fluid and its rheology is nonlinear (as shown in Fig. 4) , so a nonlinear mathematical model is proposed to describe it. The rheological threeparameter initial shear stress , consistency index K and flow pattern index n of the mud sampled earlier were tested by the laboratory experiment of high temperature and highpressure rheometer in the United States. The experimental results show that the mud is approximately hyperbolic in shape according to the plotting of the points. The model is assumed and the parameters are solved by the least square method. The solution results can be seen in the paper, Table 5 . 
In the formula: is yield stress (Pa); K is consistency coefficient (Pa s) n is flow index (s); is slurry shear rate (s-1).
The calculation results show that the hyperbolic model is the best model for describing the rheological characteristics of mud when the reliability is set α = 0.05.
STUDY ON HEAT TRANSFER MECHANISM OF TWO-PHASE FLOW IN HIGH TEMPERATURE AND HIGH-PRESSURE DRILLING MUD
In high-temperature and high-pressure drilling, gas-liquid two-phase flow exists widely and its heat transfer mechanism affects the temperature distribution on the drilling fluid surface [10] [11] . At present, the research of drilling gas-liquid two-phase flow is mainly based on homogeneous phase model [14] , split phase model or drift model. These models mainly consider the axial heat transfer mechanism of drilling fluid, [15] and rarely consider the radial heat transfer mechanism. Therefore, it is necessary to consider the heat transfer mechanism in different directions of different flow patterns of gas and liquid, so as to put forward the heat transfer mechanism of mud two-phase flow based on threedimensional direction.
The flow field diagram of high temperature and highpressure deep mud drilling fluid is simplified as follows: 
In the formula, ∆ is energy dissipation of mud in discharge region of cylinder, is the pressure on the gasliquid two-phase interface in the p* m region, is turbulent kinetic energy of three dimensional flow field of mud. Therefore, the radial flow equation of the liquid surface interface is as follows: 
In the formula, ℯ is gas-liquid interface flow, is drilling fluid vertical pressure.
Assuming that the turbulent kinetic energy is P, the mud will be subjected to the pressure of saturated bubble when P≻P 0 . According to the principle of turbulent flow in single medium and equilibrium of phase momentum, the threedimensional rheological flow model of mud can be obtained as follows: In the formula, β = √ ℎ , ℎ is mud horizontal permeability, is mud vertical permeability. Therefore, by formula (7), the relationship between mud temperature, pressure and concentration distribution and rheology is obtained. However, under high temperature and high pressure saturation pressure, gaseous bubbly runs through the mud cycle, and there is turbulence between bubble flow and surrounding liquid flow, which results in slug flow. Due to the need to consider the bubble porosity and void distribution characteristics, The bubble physical state can be divided into Taylor bubble region, transition bubble zone and stable zone, while the saturated bubble with critical liquid level in drilling is the stable zone, so the fluid viscosity in the stable region is calculated by taking the value of liquid viscosity. At the liquid film interface, the heat exchange between the fluid and the bubble is balanced [16] , thus establishing the following formula: ( ) bubble velocity, p c is the bubble density, is the bubble specific heat. Due to the slow axial temperature transfer of bubbles and liquids in the wellbore, it can be considered that the axial temperature gradient is similar, and the simultaneous formula (9) (10) can be obtained:
Therefore, the temperature difference between the liquid film and the bubble is:
In the formula, , is respective specific the heat of liquid and gas phase; , is respective the thermal conductivity of liquid and gas phases.
According to the formulas (15) and (16), the results of the two sections drilling 6 000 m, polymer mud density 1.6, initial pressure 21MPa temperature 80 are as follows: Table 6 shows that the error between the calculated results and the experimental conclusions in Chapter 2 is less than 10%, the confidence degree is between α = 0.10 and α = 0.05, the reliability is high.
CONCLUSION
Through the laboratory rheological test, simulation test and theoretical calculation, the rheological and thermal properties of polymer mud drilling fluid system under high temperature and high pressure were studied, and the heat transfer mechanism of gas-liquid two-phase flow at high temperature and high pressure was put forward. The direct heat transfer equations of liquid film and bubble are derived under high temperature and high pressure. It also shows that under high temperature and high pressure, the thermal properties of liquid flow are almost twice as sensitive to temperature as those of pressure, while the thermal conductivity is less sensitive to pressure, and the bubble is more sensitive to temperature. However, the thermal conductivity has little sensitivity to the internal pressure of 20MPa.
